A method is described for isolation of grail quantities of the components of the streptothricin complex S15-1 utilizing CM Sephadex column chromatography eluted with 100' acetic acid as an eluant followed by gradient elution with 10%. acetic acid containing 0.02x-0.03 N HCI. Streptothricins F and E, as well as an unidentified component C1, have been isolated and their comparative biological activities determined.
Streptothricins F and F were comparable in taeniacidal activity in mice infected with Hrmenolepis nana as feeding either one at 0.05% in the diet removed 92-100%. of the adult tapeworms.
The unidentified component C1 was inactive at the levels tested. In contrast, component C1 was the n.ost active in antimicrobial activity against Bacillus subtilis and in inhibiting the urcase activity of Proteus mirahilis. In the former test, the ratios of activity were; I : 7: 30 for F: F : C1 and in the latter; 1 : 2: 4 for F: F: C1.
Streptothricin
antibiotic complex S15-1 (SQ 21,704)1.2) has been reported to have taeniacidal activity when given orally to mice, cats, dogs, and sheep.',',',') At the time, it was speculated that taeniacidal activity is a property common to many, but not all, members of the streptothricin family".
Since the S15-1 complex is known to contain at least three components, streptothricins F and E as well as an unidentified streptothricin type component, in the approximate proportions of 6: 3: 12,°', we were interested in determining the relative activities of the three components and to determine whether other in vitro biological systems could be used to predict the taeniacidal activity of mixtures.
Previously, it had been demonstrated that streptothricin F isolated from the S15-1 fermentation broth as well as from other sources was taeniacidal3'. At that time, testing of the other components of the S15-1 complex was not possible because of the lack of sufficient material, as the chromatographic procedures then available were not adequate for the preparation of gram quantities of the lesser fractions. Consequently, a modified column chromatographic separation was developed that has general applicability to streptothricin mixtures and the potencies of the isolated fractions determined in appropriate biological systems.
Experimental Separation of Individual Components
For separation of the components, a column, 18 cm long and 8 cm in diameter was packed by gravity with CM Sephadex C-25 (particle size 50-120 /t, from Pharmacia, Uppsala, Sweden) previously soaked in 10 aqueous acetic acid for about 15 hours to insure proper swelling. A nine gram sample of crude S15-1 (Batch NX005, estimated 80% purity) was dissolved in 40 ml of 10°" aqueous acetic acid and carefully charged on top of the column without disturbing the surface. After the solution containing the crude S15-1 went into the column, it was eluted with 10°0' acetic acid. VOL. XXXIV NO. 3 THE JOURNAL OF ANTIBIOTICS Flow rates as fast as 20 ml per minute were used and usually 500 ml were collected in each fraction. During development of the separation technique, it was learned that the volume of 10% acetic acid required to elute the slower moving components was excessive. To overcome this, gradient elution with dilute hydrochloric acid was used, starting after fraction No. 90, as follows: A one liter Erlenmeyer flask containing 800 ml of 10% aqueous acetic acid and a magnetic stirring bar was connected to the top of the column with a magnetic stirrer mounted underneath the flask. A one liter separatory funnel containing 0.02 N HCI in 10% aqueous acetic acid, replenished as required, was mounted over the flask. After fraction No. 110, the solvent was changed to 0.03 N HCI in 10% aqueous acetic acid. As the column was eluted, the contents of the flask were mixed by stirring as the contents of the separatory funnel dropped into the flask. The flow rates of the column, flask, and funnel were approximately the same.
Column fractions and separated components were analyzed by paper chromatography using Whatman No. 1 paper, and the solvent system of TANIYAMA.7) The chromatogram was developed for 40 -44 hours, air dried and then placed on an agar plate (pH 8) seeded with Escherichia coli SC2927. After overnight incubation at 37°C, the chromatogram was examined and photographed.
The fractions containing the same component, were pooled and concentrated.
The purities of the individual preparations used for biological testing were estimated to be greater than 90%.
Biological and Biochemical Activity Antimicrobial Activity: The relative antimicrobial activities and dose response slopes of the three components isolated from S15-1 were determined using Bacillus subtilis ATCC6633 in an agar diffusion assay system similar to that for streptomycin" except for the standard used. Assay sensitivity was about 0.2 unit/ml.8>
Inhibition of Urease Activity: Since the streptothricins act on bacteria by inhibiting protein synthesis,°•10) inhibition of urease activity by Proteus mirabilis was a simple assay that could be adopted for routine use. The assay, similar to that described by PATTISON, et al," depends on the induction of urease synthesis by P. mirabilis at 37°C by the addition of urea to the culture broth, the urease in turn hydrolyzes the urea to ammonia and water. The release of ammonia results in a change in pH of the broth with time, the change being dependent on the quantity of urease produced. The pH measurements were made 110 minutes after inhibitor and inducer were added. Control tubes were run without inhibitor and each component was tested at concentrations from 0.3 to 20 trg/ml. Each result represents the average of six individual assays run at six different times.
Taeniacidal Activity: With certain modifications, the method described by STANDEN"2) was used to determine the taeniacidal activities of the various components. Carworth CF, female mice were each infected per os with approximately 500 viable embryonated Hymenolepis nana eggs. Evaluation for the presence or absence of adult H. nana was done 16 days post-infection.
Feed containing various concentrations of the individual components was administered for four days in two separate tests. Following treatment each intestine was examined for the presence or absence of H. nana.
Results and Discussion
Separation of Individual Components Table 1 shows the pattern of components eluted from the column while fig. 1 shows the high quality of the separation of the separate components as determined by bioautography.
From the nine gram sample of S15-1, approximately four grams of streptothricin F, two grams of streptothricin E, and 0.9 grams of a third unidentified component (component C') were obtained for testing. The identities of streptothricins F and E were confirmed by paper chromatographic comparison with authentic samples. In contrast, the third component C', proved not to be identical with fraction C of KAWAMURA et al.1) The slight difference in Rf values observed in Fig. 1 between the isolated Cl and the C' in the mixture was due to overloading of the chromatographic system with the S15-1 mix- The success of a preparative separation technique is primarily measured by the degree of resolution and loading capacity. With most techniques this represents a conflict, for resolution is lost as the charge increases in size. However, the technique described appears to be an exception. Using identical columns, a nine gram charge had the same resolution as a three grant charge of 515-1. The procedure has the drawback of requiring large volumes of eluant, but offers the advantages of large capacity, the use of non-toxic and readily available solvents, and the potential of scale up.
Biological and Biochemical Activity
Antimicrobial Activity
The relative antimicrobial activities and dose response slopes of the three isolated components, determined using a B. subtilis agar diffusion test, are summarized in than streptothricin E and about 30 times more active than streptothricin F. The activity of the reference sample was between those of streptothricin E and C' suggesting that streptothricin E and component C' contributes more microbiological activity of the crude isolate 515-1 than does streptothricin F. The EMDC is greatly influenced by the dose response slope and the true activity of the antibiotic, hence the greater the slope the greater the apparent activity. Since the slopes of streptothricins F and E are essentially equal, the EMDC values are good estimates of these microbiological activities, whereas, the EMDC probably overestimates the activity of component C'.
Urease Activity
The results on the inhibition of urease activity are given in Fig. 2 with the values for each com- Column charged with nine grams of crude S15-1. (Batch NX005). 
Taeniacidal Activity
In the first test (Table 3) , since 10 of 57 of the control animals did not become infected, the data were analyzed statistically using the formula P=P'-C/1-C where P=calculated proportion of animals cleared, P'=observed proportion of animals cleared and C=natural frequency of cleared animals in control groups. At 0.05 % in the diet both streptothricins F and E cleared 94 " 100 % of the animals and at 0.025'/o' cleared 24 and 79 %, respectively. Lower levels of streptothricins F and E
were not active and none of the levels of component C' demonstrated taeniacidal activity at the concentrations tested.
In the second test (Table 3) Relative comparisons against value of 1 assigned to streptothricin F.
LD3o values based on report by TANIYANIA et a/.") Component C' presumed to contain more than two ,/-lysine units.
In Table 4 the relative biologic activities of the three isolated components are given. It is interesting to examine these data from the point of view of earlier investigators, who observed in vitro antimicrobial activity and toxicity increased with the number of (3-lysine units in the streptothricin side chain.11,11) Our results confirm this relationship for both antimicrobial activity and for inhibition of crease activity, particularly if we assume C' is a streptothricin with more than two /3-lysine units.
The taeniacidal activities obviously are not consistent with the hypothesis, suggesting that some other factor comes into play.
Our results further demonstrated that the simple in vitro tests utilized are not satisfactory measurements of taeniacidal activity in S15-1 mixtures. The markedly higher activities of C' and to a lesser extent streptothricin E would result in very misleading estimations of the taeniacidal activity of the complex.
